Preparation of Primary Cultivated Cells from Human Fetal Membrane and Treatment with HA-Vaccine or
Fractionated IV-HA Preparation of Amnion epitherial cells from human fetal amnion membranes tissue was according to the previous method. 16) Confluence monolayer cells in a 25 cm 2 bottle were washed once with sterilized Hanks' balanced salt solution (GibcoBRL) and then inoculated with 1 ml of fractionated IV-HA solution. These cells were incubated at 37°C for 60 min rocking every 15 min. After treatment, the cells were washed and incubated for various periods at 37°C in cultivation medium.
Preparation of DNA from Cultivated Cells and Agarose Gel Electrophoresis Preparation of DNA from cultured cells and agarose gel electrophoresis were carried out according to the method previously reported. 17) About 20 mg of DNA, calculated by absorption units at 260 nm, were loaded on to 2% agarose gel electrophoresis. The DNA fragmentation rate was calculated as the relative amount of fragmented DNA in the digitized image. 18) In Situ DNA Nick-End Labeling for Histo-chemical Analysis The primary cells were then cultivated on covered glass dishes which were washed with PBS, fixed with 1% neutral paraformaldehyde solution and stained by the TUNEL (terminal deoxynucleotidyl-transferase (TdT)-mediated dUTP nick end labeling) method previously reported. 16) Reverse Transcription-polymerase Chain Reaction (RT-PCR) Total RNA was extracted from Amnion-cells using a RNA extraction kit, ISOGEN (Wako Pure Chemical Industries, Osaka, Japan). Complementary (c) DNA preparation, RT-PCR construction containing primers and analysis of PCR products were carried out according to the method previously reported. 18) Western Blotting Analysis For Western blotting analysis, cell pellet (1-2ϫ10 6 cells) was dissolved in 100 ml of Laemmli buffer, heated and then used as a SDS-PAGE sample with a 12% gel under the reducing condition. 14) Protein concentration of the supernatant was determined according to Bradford's method using the protein assay dye reagent (Bio-Rad Laboratories Ltd.). 19) Proteins on gel after electrophoresis were transferred into a nitrocellulose seat with Semi-dry transfer cell (Bio-Rad) according to the Bio-Rad instruction manual. Treatment with specific monoclonal antibody and immuno-staining the membrane were performed according to the method of previously described.
18)
Heme Oxygenase-1 Induction by Hemin Treatment Amnion-cells were washed with Hanks' balanced salt solution and then incubated with culture medium containing 5 mM hemin for 24 h, according to the method of Shiraishi et al. 20) Next, Amnion-cells were washed and then treated with an IV-HA solution by the same method described above.
Inhibition Test for DNA Fragmentation with Sialic Acid and Glycophorins-A and -C Human glycophorins A and C (GP-A and GP-C) used in these apoptosis inhibition experiments were preparations we prepared and isolated from the human erythrocyte membrane fraction. 12) We used Nacetyl-neuraminic acid (NANA) as the sialic acid. Each reagent was mixed with IV-HA solution at appropriate concentrations for 1 h before the treatment, and then Amnioncells were treated with the mixture.
RESULTS
Fractionated IV-HA Induces DNA Fragmentation in Amnion Epithelial Cells To investigate apoptotic inducibility of IV-HA in human fetal cells, we used IV-HA fractionated from IV-HA vaccine solution by DEAE Sephacel column chromatography. As shown in Fig. 1A , IV-HA activity was detected in the adsorbed fraction eluted at 0.12-0.13 M of NaCl from the column. From this profile, 5 fractions (Fractions A: tube number 18-20, B: 21-24, C: 25-28, D: 29-32 and E: 33-36) were pooled. Fraction A was the main IV-HA fraction with 512 HA-titer, and the 0.2 mg protein/ml of the fraction showed 20 HA-titer units. These five fractions were analyzed by SDS-PAGE with CBB gel staining. As shown in Fig. 1B , Fraction A showed three bands with molecular weights 215 kDa, 156 kDa and 82 kDa. Staining intensity of these three bands in all 5 fractions was in agreement with the hemagglutinating activity.
Amnion-cells were stimulated with sterilized Fraction A, and these cells' DNA fragmentation was analyzed by agarose gel electrophoresis. As shown in Fig. 2A -(a), DNA fragmentation was observed at 72 or 96 h after stimulation with vaccine solution (lane "V-92") and fractionated IV-HA solution (lanes "F-72" and "F-96"). However, DNA fragmentation did not show in the control and mock-treated Amnion-cells (lanes "control" and "mock-72"), or in IV-HA treated Amnion-cells for 24 h (lane "F-24"). We estimated fragmentation rates by the previous method. 15) The DNA fragmentation rate for control Amnion-cells was 4-5% and increased to about 26% at 72 h after stimulation and to about 37% at 96 h ( Fig. 2A-(b) ). These results indicate that Amnion-cells are induced to undergo apoptosis by stimulation with both HAvaccine and fractionated IV-HA.
DNA fragmentation induced in Amnion-cells by stimulation with Fraction A was confirmed by in situ cell staining using the TUNEL (terminal deoxynucleotidyl-transferase (TdT)-mediated dUTP nick end labeling) method. TUNEL staining of Amnion-cells with mock-treatment is shown in Fig. 3a . While we could find a few positive stained cells in the mock treatment, a significant population of TUNEL positive Amnion-cells can be shown at 72 h after stimulation in Fraction A (Fig. 3b) .
IV-HA Induced Amnion-Cell Apoptosis Was Inhibited by Glycophorins Purified from Human Erythrocyte Membrane but Not by N-Acetylneuraminic Acid (NANA) We examined the inhibition of IV-HA induced apoptosis with NANA, GP-A and GP-C. As shown in Fig. 2B -(a), inhibition of DNA fragmentation with GP-A could scarcely be ob- served at 72 h after treatment (Lane "HA GP-A 72 h"). On the other hand, 1.0 mg/ml of GP-C clearly repressed DNA fragmentation induced by IV-HA treatment for 72 h after treatment (Lane "HA GP-C 72 h"). The fragmentation rate decreased from 48% to 25% ( Cellular Oxidative Stress-Relating Caspases Were Possibly Activated In order to investigate the caspase cascade activated in this apoptosis pathway, gene expression of Fas, poly-(ADP-ribose) polymerase (PARP) and caspases-3, -8 and -9 (Cas-3, -8 and -9) was analyzed by RT-PCR and Western blotting techniques, as shown in Fig. 4 . RT-PCR showed that these mRNA expressions were constitutive and did not change during the period (Fig. 4A) . Fas and PARP protein expressions decreased relative to the control cells (the Fas data is not shown in this paper). It was shown in Fig. 4B that both Cas-3 and Cas-8 were detected in both the control and treated cells, that pro-form of Cas-3 decreased at 24 h and 48 h by IV-HA treatment and active forms of Cas-8 (40 kDa and 23 kDa bands) could scarcely be detected, and that Cas-9 was detected in both control and treated cells, and increased significantly after IV-HA treatment. PARP protein also decreased at 48 h by IV-HA stimulation.
Induction of HO-1 by Hemin Attenuates IV-HA Stimulated Amnion-cell DNA Fragmentation To investigate the inhibitory role of HO-1 in IV-HA stimulation induced DNA fragmentation, Amnion-cells were pre-treated with 5 mM of hemin for 24 h before stimulation with IV-HA. We previously examined the HO-1 induction period by stimulation with hemin. Treating Amnion-cells with hemin, a Western blotting band of HO-1 increased according to the treatment period, and HO-1 induction was observed clearly in cells with 24 h treatment, as shown in Fig. 2C . Under these conditions, DNA fragmentation in IV-HA stimulated Amnion-cells attenuated significantly, as compared to control cells. At 96 h, the DNA fragmentation rate decreased from 39% to 13%, as shown in Fig. 2C-(c) .
DISCUSSION
Recently, we have already reported that influenza virus infection induces apoptosis in primary cultivated chorion trophoblast cells prepared from human fetal membrane smooth chorion tissue (Chorion-cells) and that Chorion-cells apoptosis may be attributed to viral macromolecular synthesis for viral replication in host cells at the early stage of infection. 7, 8) While the relationship of viral replication in host cells to host cell apoptosis has been definitely shown, the role of virus contact with host cell surface as the stimulus to induce apoptosis has not been examined previously. We know that the viral surface components which have direct contact with the host cell surface are neuraminidase, hemagglutinin and membrane protein-2, however, the participation of these viral components in the induction of host cell apoptosis has not been elucidated yet. It has been reported that one viral component, neuraminidase, plays a potential role in the induction of apoptosis in host cells through direct activation of latent TGF-b. 9) In order to examine differences in the apoptotic induction mechanism attributed to IV-infection and to IV-HA stimulation, we looked at the ability of influenza virushemagglutinin (IV-HA) to induce apoptosis in host cells.
In order to examine apoptotic cell death induction in human fetal cells by IV-HA stimulation, we used an IV-HAvaccine solution for convenient purification of IV-HA. The main IV-HA fraction, Fraction A, was obtained by DEAE Sephacel column chromatography from the IV-HA vaccine and analyzed with SDS-PAGE. Molecular weights of the three bands shown by SDS-PAGE analysis were estimated as 82 kDa, 158 kDa, and 235 kDa, respectively. It has been reported previously that an IV-HA monomer is a glycoprotein with a molecular weight of about 80 kDa. It has also been reported that hemagglutinin consists of two polypeptide subunits with molecular weights of 60 kDa and 21 kDa, 21 ,22) but we could not detect either 60 kDa or 21 kDa on the SDS-PAGE gel because of the non-reducing condition of SDS-PAGE. We have preliminary results for these three bands when stained with Periodic acid Shiff (PAS) staining (for glycoproteins) (data not shown). The 63 kDa band on the gel for Fractions B, C and D in the DEAE-column are very similar to the molecular weights of IV-neuraminidase (NA) and IVnucleoprotein (NP), which are the major proteins of the IVcomponent (molecular weight of 62-57 kDa). 23) All three fractions didn't show any apoptotic inducibility in Amnioncells. Accordingly, we estimated that Fraction A may be the main IV-HA fraction, and that Fractions B, C and D may contain NA and/or NP. Amnion-cells stimulated with fractionated IV-HA and IV-HA vaccine resulted in significant appearance of TUNEL positive cells as well as DNA fragmentation. Condensation of cell nuclei, positive staining with the TUNEL method 24) and DNA fragmentation 25) are all wellknown characteristics of apoptotic cell death. However, with Fractions B, C and D such phenomena did not appeared in both Chorion-and Amnion-cells. Accordingly, our results suggest that the main IV-HA fraction could induce apoptosis in Amnion-cells, and that IV-HA may be one of the viral components with the ability to induce apoptosis in Amnioncells. Our data is the first finding that IV-HA may be the IVcomponent with the ability to induce apoptotic cell death in human fetal (host) cells.
The IV-HA vaccine solution used in this experiment contains hemagglutinins obtained from three types of IVs, A/Yamagata/120/86 (H1N1), A/Beijing/352/89 (H3N2) and B/Bangkok/163/90. We also used 3 other IV-HA vaccine lots These results suggest the possibility that Amnion-cells may be induced to apoptosis with IV-HA regardless of the species of influenza virus, however, we must consider whether HA species from IV-type A or IV-type B induces cell death to the same extent, and whether the apoptotic inducibility is attributed to serological differences in hemagglutinins.
We obtained the unexpected result in this study that apoptotic cell death was observed in Amnion-cells, while Chorion-cells were not influenced. We have previously shown that the virus propagated in both Amnion-and Chorion-cells when infected by influenza virus, that Chorioncells were induced to undergo apoptosis by the infection but Amnion-cells were not induced to apoptosis, and that Chorion-cell apoptotic induction by influenza virus infection may be attributed to viral RNA replication after viral invasion. 7) These results are just the opposite of the results shown in this paper. While we cannot obtain any reliable evidence to explain this unknown mechanism yet, we obtained a previous report helpful in considering the mechanism as that RNA synthesis inhibition with Actinomycin D resulted in apoptotic induction in Chorion-cells but not in Amnion-cells. 26) As the IV-infection inhibits host cell macromolecular synthesis, including RNA synthesis, 7) it is possible that the RNA synthesis repression may be attributed to the apoptotic induction in Chorion-cells by IV-infection. We consider also that Chorion-cells may have less, or no, susceptibility to IV-HA than Amnion-cells; however, Amnion-cell apoptosis may be induced by a signal that occurs through certain cell surface receptors for IV-HA.
It has already been reported that influenza viruses agglutinate human erythrocytes through sialoglycoproteins, virus receptor substances, on cell surfaces. 10) We have already reported that the specific receptor sialoglycoproteins purified from human erythrocyte membranes were glycophorin (GP)s-B, -C and -D as well as GP-A, and that virus receptor activity of GPs-B, -C and -D was higher than that of GP-A. 12) It is well known that IV-HA binds to sialic acid linked to glycoprotein sugar chains and glycolipids on the cell surface, and that the sialic acid linked to human surface sialoglycoproteins is N-acetylneuraminic acid (NANA). 10) We demonstrated that the induction of Amnion-cell apoptosis by stimulation with IV-HA was inhibited in the presence of GP-A or GP-C but not by NANA, and that the inhibitory activity with GP-C was extremely higher than that of GP-A. We consider that the extent of this inhibitory effect may be dependent on the reactivity of these glycophorins with influenza viruses. Our results suggest that for sialic acid to inhibit apoptosis, it must be a bound type. This suggestion is consistent with the previous report that free N-acetylneuraminic acid could not prevent influenza A and B viruses binding to its host cell surface.
11) According to our glycophorin inhibition results combined with the common knowledge that a conjugated type of NANA plays an important role in IV infection, it is indicated that the induction of apoptotic phenomena by IV-HA stimulation in Amnion-cells may occur through a possible HA receptor sialoglycoprotein on the cells.
Next, to study the Amnion-cell apoptosis mechanism, we investigated apoptosis-related gene mRNA expression. With constitutive expression of b-actin mRNA as the housekeeping gene, we analyzed 34 kinds of gene mRNA with RT-PCR technique. The alteration of gene mRNA expression, such as the remarkable decrease of Cat, the temporal decrease of GST p at the early stimulation period, a gradual increase of Cu/Zn-SOD, and an increase in HO-1 were shown. Furthermore, SDS-PAGE and Western blotting analysis showed that catalase decreased only slightly, that HO-1 and an active form of Cu/Zn-SOD distinctly increased, and that Cas-9 significantly increased. These results suggest that Amnion-cell apoptosis induction is characterized by gene mRNA alterations in enzymes related to intracellular oxidative conditions.
HO-1 is a 32 kDa microsomal enzyme that catalyzes the conversion of heme to biliverdin, releasing iron and carbon monoxide. 27) In vitro studies in human renal proximal tubule cells demonstrated that hemin, a HO-1 inducer, significantly attenuated cisplatin-induced apoptosis and necrosis. 20) Recent studies have reported that in states of heightened oxidant stress, HO-1 is induced as a beneficial response in cells exposed to a diverse array of toxic insults. 28) To investigate IV-HA stimulated intracellular oxidative alteration, we induced HO-1 in Amnion-cells by hemin treatment. Our results also showed that pretreatment of Amnioncells with hemin for 24 h induced HO-1, and that this significantly attenuated IV-HA induced Amnion-cell apoptosis. We do not consider HO-1 to be the only protein that inhibits the induction execution of Amnion-cell apoptosis, however, our results suggest the possibility that a change in the intracellular oxidative condition may be one of the causative factors of apoptotic induction.
Recently, it has become clear that a lower concentration of Reactive Oxygen Species (ROS) and/or a lower level of oxidative stress may play a role in the mechanism of apoptosis. 29) Cells are protected from ROS by an antioxidant defense system. The thioredoxin and glutathione redox cycles are included in the most important defenses against oxidative stress, which are enzyme-coupled systems containing glutathione, GP-1 and GR, 30) and thioredoxin and thioredoxin reductase, 31) respectively. We showed that temporal decrease of GST p mRNA expression, and that GST p and Mn-SOD proteins in Amnion-cells revealed no alteration but existed constitutively, and also showed the alteration of Cat, HO-1, Cu/Zn-SOD and thioredoxin reductase expression. So it is possible to state that these mRNA and protein expression and its alteration are related to the redox state. Regulating factors may be manifest themselves in order to negate the oxidative stress that occurs because of glutathione and/or thioredoxin redox change to an oxidative state, and/or ROS neutralization decreases that occur from anti-oxidative enzyme reduction.
Both caspases-8 and -9 can contribute to the activation of effecter caspases-3, -6 and -7, ensuring destruction of the apoptotic cells. Caspase-8 is likely the major apical caspase in TNFR1-and CD-95-activated caspase cascades in receptor-mediated caspase cascades. On the other hand, it has been shown that caspase-9 plays the most important role in stressinduced apoptosis. 32) In IV-HA activated Amnion-cell apoptosis, SDS-PAGE and Western blotting analysis demonstrated that both Cas-8 and Cas-9 proteins exist constitutively, and that caspase-9 increases after IV-HA stimulation. Accordingly, we conclude that a caspase cascade, including caspase-9, may be activated in Amnion-cell apoptosis rather than that in caspase-8. Furthermore, from our result that pro-form of Cas-3 and PARP proteins decreased, we consider that Cas-3 protein may be activated during the period, because it has been reported that PARP is one of the earliest proteins targeted by Cas-3 during apoptosis, 33, 34) and that the decrease of pro-form of Cas-3 and PARP during apoptosis is consistent with Cas-3 activation. 35) In conclusion, oxidative stress may contribute to inducing apoptosis in IV-HA stimulated Amnion-cells as stress-induced apoptosis through certain sialoglycoproteins, which play a role as IV-HA receptor-molecules.
